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Impact of land use patterns on desertification: 
In Al Gamoia agricultural project, Khartoum -state. 
 
ABSTRACT 
 
 
The study was implemented to determine the impact of land use patterns 
on desertification in Gamoia project, west of White Nile River, 
Omdurman. Some land degradation indicators (physical-biological) were 
used in order to assess the current performance of the project (Hawasha). 
 Soil samples were collected from five sites using auger from the 
following depths: (0-30cm, 30-60cm, 60-90cm) samples of water were 
collected from canal derived from White Nile and from a well. All 
samples were subjected to laboratory analysis.  
The chemical and physical analysis results showed that the land use 
patterns lead to some land degradation. Statistical analysis indicated 
significant difference (P<0.05) in most soil characteristics in the study 
area.   
The result showed that the vegetated land is affected by salinity with 
depth to reach more than 4 dS/m, while in the un-vegetated land (control) 
&shelterbelt salinity degree was less than 4dS/m. 
Soluble cations (Ca, Mg, and Na) were increased among sites with 
depth.CEC and exchangeable sodium has variation among sites and 
depths. 
The soil sample of the second terrace of the White Nile, followed the 
order clay (53.80), sand (36.33) and silt (27.13). The nitrogen was low 
and bicarbonate was nil. 
Magnesium, calcium and chloride were dominant in the soil of the area 
without clear difference among sites and depths.  
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The results proved that canal water derived from White Nile is alkaline 
and suitable for irrigation and drinking (RSC 1.87); while the well water 
is not suitable for irrigation according to standard specification of the 
World Health Organization. (RSC 2.56)   
The deterioration can be controlled by some land management such as 
crop rotation, organic fertilization balanced with inorganic fertilizers 
usage. 
Establishment of shelterbelts and wind brakes will stop the sand 
encroachment.     
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 أﺛﺮ أﻧﻤﺎط إﺳﺘﺨﺪاﻣﺎت اﻷراﺿﻲ ﻋﻠﻲ اﻟﺘﺼﺤﺮ ﻓﻲ ﻣﺸﺮوع اﻟﺠﻤﻮﻋﻴﻪ اﻟﺰراﻋﻲ 
 ﻣﺴﺘﺨﻠﺺ اﻷﻃﺮوﺣﻪ
ﻧﻤﺎط إﺳﺘﺨﺪام اﻷراﺿﻲ ﻋﻠﻲ اﻟﺘﺼﺤﺮ ﻓﻲ ﻣﺸﺮوع اﻟﺠﻤﻮﻋﻴﻪ أﺛﺮ أ اﻟﺪراﺳﻪ ﻟﻤﻌﺮﻓﺔهﺬﻩ  ﻧﻔﺬت
ﻟﺮﺻﺪ  ﻤﺆﺷﺮات اﻟﻄﺒﻴﻌﻴﻪ واﻷﺣﻴﺎﺋﻴﻪﺑﻌﺾ اﻟ اﻣﺪرﻣﺎن ﺑﺈﺳﺘﺨﺪاماﻟﺰراﻋﻲ ﻏﺮب اﻟﻨﻴﻞ اﻷﺑﻴﺾ 
  .ﺗﺪهﻮر اﻻراﺿﻲ
 ,ﺳﻨﺘﻤﻴﺘﺮ 06-03, ﺳﻨﺘﻤﻴﺘﺮ03-0:)ﻤﺎق اﻟﺘﺎﻟﻴﻪأﺧﺬت ﻋﻴﻨﺎت ﻣﻦ اﻟﺘﺮﺑﻪ ﻣﻦ ﺧﻤﺲ ﻣﻮاﻗﻊ ﻣﻦ اﻷﻋ
آﻤﺎ ﺗﻢ ﺗﺤﻠﻴﻞ ﻋﻴﻨﻪ ﻣﺎء ﻣﻦ اﻟﻘﻨﺎﻩ اﻟﻤﻨﺤﺪرﻩ ﻣﻦ اﻟﻨﻴﻞ .ﻠﻴﻠﻬﺎ ﻣﻌﻤﻠﻴﺎاﻟﻌﻴﻨﺎت ﺗﻢ ﺗﺤ ﻞآ(ﺳﻨﺘﻤﻴﺘﺮ09-06
  .اﻷﺑﻴﺾ وﻣﺎء اﻟﺒﺌﺮ اﻟﺠﻮﻓﻲ 
أﻇﻬﺮت ﻧﺘﺎﺋﺞ اﻟﺘﺤﻠﻴﻞ اﻟﻤﻌﻤﻠﻲ اﻟﻜﻴﻤﻴﺎﺋﻲ واﻟﻔﻴﺰﻳﺎﺋﻲ أن اﻹﺳﺘﺨﺪام اﻟﺰراﻋﻲ أدي ﻟﺘﺪهﻮر 
ﻓﻲ آﻞ   )50.0≤P( اوﺿﺤﺖ ﻧﺘﺎﺋﺞ اﻟﺘﺤﻠﻴﻞ اﻹﺣﺼﺎﺋﻲ ان هﻨﺎﻟﻚ ﻓﺮق ﻣﻌﻨﻮى .ﺧﺼﺎﺋﺺ اﻟﺘﺮﺑﻪ
  .ﺮﺑﻪ ﻓﻲ ﻣﻨﻄﻘﺔ اﻟﺪراﺳﻪﺧﺼﺎﺋﺺ اﻟﺘ
 4أآﺜﺮ ﻣﻦ )اﻷراﺿﻲ اﻟﻤﺰروﻋﻪ ﺗﺰداد ﺑﺎﻟﻌﻤﻖ ﻷﺳﻔﻞ درﺟﺔ ﻣﻠﻮﺣﺔأﻇﻬﺮت ﻧﺘﺎﺋﺞ ﺗﺤﻠﻴﻞ اﻟﺘﺮﺑﻪ أن 
 06, 0ﻟﺘﺼﻞ  اﻟﻤﻠﻮﺣﻪ اﻟﺴﺎﻟﻔﻪ درﺟﺔﺗﻘﻞ رض اﻟﻐﻴﺮ ﻣﺰروﻋﻪ واﻟﺤﺰام اﻟﺸﺠﺮي ﺑﻴﻨﻤﺎ اﻻ( دﻳﺴﻤﻨﺰ
ﺑﺎﻟﻌﻤﻖ ﻷﺳﻔﻞ وأن ﺳﻌﻪ ﺗﺬداد ( اﻟﻤﻐﻨﺴﻴﻮم اﻟﺼﻮدﻳﻮم  ماﻟﻜﺎﻟﺴﻴﻮ, )اﻟﺬاﺋﺒﺔاﻟﻜﺎﺗﻴﻮﻧﺎت . ﻣﻠﻤﻮز
اﻟﺘﺒﺎدل اﻟﻜﺎﺗﻴﻮﻧﻴﻪ ﻣﺘﻔﺎوﺗﻪ ﻧﺴﺒﻴﺎ ﻓﻲ أﻋﻤﺎق ﻣﻨﺎﻃﻖ اﻟﺪراﺳﻪ اﻟﻤﺨﺘﻠﻔﻪ وآﺬا اﻟﺤﺎل ﺑﺎﻟﻨﺴﺒﻪ ﻟﻠﺼﻮدﻳﻮم 
  .اﻟﻤﺘﺒﺎدل
  (31.72ﺳﻠﺖ( )33.63رﻣﻞ( )08.35ﻃﻴﻦ)أﻇﻬﺮت اﻟﻨﺘﺎﺋﺞ أن ﻗﻮام اﻟﺘﺮﺑﻪ ﻳﺘﺒﻊ اﻟﺘﺮﺗﻴﺐ 
ﺮي ﺑﻴﻨﻤﺎ ﻣﺎء اﻟﺒﺌﺮ اﻟﺠﻮﻓﻲ ﻏﻴﺮ ﻧﺘﺎﺋﺞ ﺗﺤﻠﻴﻞ اﻟﻤﻴﺎﻩ أن ﻣﺎء اﻟﻨﻴﻞ اﻷﺑﻴﺾ ﻗﻠﻮي ﺻﺎﻟﺢ ﻟﻠ ﺑﺮهﻨﺖ
  .ﺻﺎﻟﺢ ﻟﻠﺮي ﺑﻨﺎء ﻋﻠﻲ ﻣﻮاﺻﻔﺎت هﻴﺌﺔ اﻟﺼﺤﻪ اﻟﻌﺎﻟﻤﻴﻪ
ﻳﻤﻜﻦ ﺗﻼﻓﻲ هﺬا اﻟﺘﺪهﻮر ﺑﺈﺗﺒﺎع أﻧﻤﺎط ﺣﺪﻳﺜﻪ ﻹدارة اﻷرض وإﺳﺘﺨﺪام اﻟﺪورﻩ اﻟﺰراﻋﻴﻪ واﻟﺘﺴﻤﻴﺪ 
إﻧﺸﺎء أﺣﺰﻣﻪ ﺷﺠﺮﻳﻪ وﻣﺼﺪات رﻳﺎح ﺳﻴﻮﻗﻒ زﺣﻒ .اﻟﻌﻀﻮي ﻣﻊ اﻟﺘﻮازن ﻓﻲ اﻷﺳﻤﺪﻩ اﻟﻤﻌﺪﻧﻴﻪ
  .اﻟﺮﻣﺎل 
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CHAPTER ONE 
Introduction 
Desertification is considered as the major environmental problem 
and socioeconomic development challenge. It is multidimensional 
problem partly resulting from human exploitation of natural recourses. 
Desertification is truly a global problem, the world has become aware of 
it and tried to solve it by adopting a plan of action (1977) to combat 
desertification and mitigate drought effects in the affected countries, 
especially in Africa (Fadul, 1998). Dry land in Sudan is confined between      
latitude 120 and 220N and found under different climatic zones: hyper 
arid, arid, Semi-arid, and sub humid (Fadul, and Gani, 2000). 
The desertified areas located between latitude 100 and 180 N, where  
Thirteen states are affected by varying degrees of desertification 
desertification. Khartoum state is identified as one of the thirteen states 
affected by drought and desertification (Salih, 1996). The determinative 
land degradation /desertification process include degradation of 
vegetation cover, wind erosion, water erosion and salinization 
/sodication. Whereas subordinate process include losses of organic 
matter, crusting and compaction and accumulation of toxic substances in 
soil and plant (Mustafa 2007).  
The main challenges in the twenty–first century are the rapid increase of 
population and land degradation of agricultural soils. In order to cope 
with main challenges,proper management options that prevent soil 
degradation are closely linked to these challenges. For sustainable 
agricultural production and natural resources management for continuous 
flow of products in dry lands for human welfare, combating 
desertification is an urgent issue. The problem of desertification is very 
closely linked to integrated soil, plant cover and water management, and 
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it’s expansion is threatening not only the biodiversity, including natural 
habitats, but also the sustainability of the production of basic goods for 
human life (Salih, 2007) . Algamoia project study is aiming to find out 
the effect of land use patterns on desertification 
The objectives of the study are the followings: 
1. To assess the agricultural practices in Algamoia project.      
2. To study the performance of the project in general. 
3. To identify the crop rotation role in protection of soil surface. 
4. To suggest proper measures for soil conservation and protection of the 
scheme. 
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CHAPTER TWO  
Literature review 
2.1 Effects of land degradation on soil physical properties: 
Soil degradation mainly involves destruction of soil structure 
(Baumgartl and Horn, 1991).  Many of these processes are due to losses 
of soil organic matter by intensive agricultural practices and land use 
changes in a semi-arid environment, and sometimes are related to a high 
content of sodium in the soil due to irrigation with highly saline water, as 
sodium can restrict soil particle aggregation. Aridity may amplify the 
seriousness of soil loss on agricultural land. Soil loss from agricultural 
land is considered one of the most detrimental processes to agricultural 
productivity (Follett and Stewart, 1985). Soils have a low water holding 
capacity due to low content of small soil particles. High temperature 
favour rapid decomposition of organic residues; thus organic inputs are 
needed to avoid erosion. Steep land is more sensitive to rapid soil 
degradation through runoff (Hellden, 1988). 
2.2 Effects of land degradation on soil chemical properties: 
Soil degradation is a major contribution in nutrient losses, because 
most of the scarce soil nutrients in the tropics are in the top 5-10 cm of 
the soil (Nkonya, 2004). 
  Soil fertility depletion on stallholder farms in Africa is already 
considered as a biophysical limiting factor affecting food production 
(Sanchez, 1977). This degradation is affecting the rural poor because they 
are more dependent on annual agricultural crops that also really more on 
common-property lands, which often are most seriously degraded. 
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2.3 Land degradation in the world: 
United Nations Environment Program (UNEP, 1977) studies 
explained that lands cover 14.9 billion hectares of the earth’s surfaces. six 
billion hectares are dry land of which 1billion hectares are naturally 
hyper-arid, moreover, considerable parts of the dry lands are either desert 
or being threatened by desertification.Further more one quarter of the 
world population inhabit in the dry lands and depend on this area for their 
livelihood. 
  Koohafkan (1996) stated that, desertification affected about two-
thirds of the world countries, and one-third of earth’s surface, on which 
one billion people live i.e. one-fifth of the world population. 
Accumulation of excess salt in the root zone resulting in partial or 
complete loss of soil productivity is a worldwide phenomenon. The 
problems of the soil salinity are most widespread in the arid and semi-arid 
regions. Where evaporation potential is high and rainfall is not sufficient 
to leach the salts from the soils, but salt affected soil also occur 
extensively in sub–humid and humid climates (FAO, 1988). The most 
serious salinity problems are being faced in the irrigation is essential to 
increase agricultural production to satisfy food requirement. Both 
salinization and sodication have been identified as process of land 
degradation, affecting the physical and chemical properties of the soil, 
which drastically reduce land growth and eventually lead to the 
desertification (FAO/ UNEP, 1984). Nearly 10% of the world’s total land 
is estimated to be significantly affected by salt; limiting its utilization for 
crop production in at least 75% of the countries. About 30% of the 
irrigation land in the world is seriously affected by salt, decreasing its 
productivity, and threatening the economy of many of the arid countries, 
such as Egypt, Iran, and Pakistan  (Rhode1990). Mustafa (2007) stated 
that, salinization and sodication cause land degradation and thereby 
5 
 
reduce the productive capacity of agricultural lands, forestlands, and 
rangelands, both processes lead to desertification.  
2.4 Land degradation in the Sudan: 
The first serious sign of soil degradation in the Sudan was reported 
by Cooke ( 1944), he stated that, rapid deterioration of soil and vegetation 
were occurring in parts of the Red Sea Hills, which was considered as a 
warning that such problems might be developing elsewhere, particularly 
around town peripheries and settlement areas in Kordofan and Darfur 
regions.  The Ministry of Agriculture in its plan to combat desertification 
in Sudan reported that the affected areas in Sudan have been divided into 
five treatment zones.  The total areas to be treated in the five zones are 
estimated to be 525.000 km2 (DECARP, 1976). 
Baumer and Tahara (1979) stated that desertification is spreading 
like cancer in other areas including the adjacent low rainfall savanna and 
it is quite clear that desert encroachment in the Sudan is mainly a man 
made phenomenon caused by the misuse of land resources.  Cultivation in 
marginal areas was assumed to be one of the main causes of 
desertification. 
  Ayoub (1998) estimated that wind erosion degraded 5.3, and 1.2 
million ha in the hyper-arid, arid and semi-arid zones, respectively. Sudan 
is one of the sudano-sahelian countries that have been seriously affected 
by drought and desertification since the late sixties of the past century to 
the present. This has its long lasting imprints on natural habitats means of 
livelihood and socio-economic fabric of the society. The magnitude of 
desertification in Sudan was assessed by assimilating the existing 
information through the use of GIS. The indicators used were: land use, 
vegetation cover, geomorphology, human settlement, soil and drainage 
pattern, and rainfall. The desertification classes reached are:  Very severe, 
severe, moderate, slight and very slight (Salih, 1996). According to 
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Osman (2005) 64 million hectares of soil are degrading in arid, semi-arid 
and dry sub-humid zones of the country. Wind erosion affected 27 
million hectares most of it in the arid and semi-arid zones in kordofan and 
Darfur where vegetation is scarce and soil particles are loose; moreover 
about 18 million hectares of soils are affected by water erosion. Top soil 
loss through sheet erosion, is a common form of water erosion, and about 
10 million hectares are vulnerable to erosion due to their sloppy terrain 
denuded of the vegetation cover, and about 16 million hectares of the 
reddish yellow sandy soils in central, southern kordofan and Darfur areas 
are experiencing high rates of nutrient depletion. These soils are 
inherently poor in nutrient. The situation is aggravated when all biomass 
has been cleared, and agriculture is practiced without sufficient 
application of organic or mineral fertilizers. Meanwhile about 30 million 
hectares of the Sudan’s soil are arable under natural conditions. These are 
lands under forest, swamp, mostly in southern Sudan. Another 4 million 
hectares are stable under sustainable agriculture; these mostly include the 
large irrigated schemes such as Gezira, New Halfa and Rahad….ect 
Lebon (1965) stated that the classification of land use is an early stage of 
economic development and elaborate the dominant type of land use in 
Khartoum state based on economic importance such as perennially 
irrigated land, other uses such as grazing lands, forest land and rainfed 
cultivation, thought they occupy large area but are not very important. 
(FAO, 1976) described the land use, such as rain fed agriculture, irrigated 
agriculture, grass land, forestry, and recreation as major kind of land use. 
2.5 Land use patterns and their impact on land degradation:       
Sudan is primarily an agricultural and pastoral country, about 80% 
of economically active people are engaged in these sectors, 
approximately 75% of the total crops grown in the Sudan are produced in 
the rain belt, and about 29% million feddans are currently cultivated 
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under rain 4.7 million feddans are under irrigation, and additional 66.2 
million feddans are currently natural rangelands, forest, or swamps 
(DECARP, 1976). Drought and desertification is threatening 4 million 
feddans, which represent 71% of the total potentially cultivable land in 
the country (DECARO, 1976). Meanwhile desert encroachment is 
threatening almost 24.8% million feddans of forest land also pasturage of 
15 million feddans. According to DECARP, (1976) the most important 
categories of land use pattern are the following: 
2.5.1 Rain-fed land: 
  Rain –fed agriculture, both mechanized and traditional sub-sector, 
constitute more than 90% of crop production in Sudan. 
Traditional rain-fed crop productivity is constrained by low soil fertility, 
low and erratic rainfall, lack of water harvesting and spread technology 
and lack of meteorological information and extension services among 
rural farmers. Some time the farmers are faced by total crop failure 
especially in marginal areas in western Sudan. Ibrahim (1980) stated that 
the millet cultivation is one of the major factors in the process of 
desertification in western Sudan this can be seen in the air and satellite 
photographs in which the areas of millet cultivation appear as bare 
batches within the vegetation of the thorn scrub savannah. Before sowing 
millet, the peasants fell all existing trees in the area and clear all the grass 
and herbs and loosen the soil with the weeding hoe. The annual repetition 
of this practice leads ultimately to the irreversible destruction of the 
natural vegetation cover thus enhancing the erosion of the top fertile soil. 
Expansion of millet cultivation increases wind erosion. 
2.5.1.1Mechanized rain –fed agriculture: 
Mechanized rain –fed agriculture in Sudan started during the 
colonial era in 1940 to provide food for allied forces during second war 
(Atta Elmola, 1988) .This form of agriculture started to expand in the 
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central clay plains of the Sudan and jumped from half million hectares in 
1967 to more than eight million hectares in1989 (HCENR, 2000).  
2.5.1.1 Traditional rain –fed agriculture:  
Traditionally cultivated land is estimated about 9 million hectares 
mostly in western and southern Sudan and in certain areas of central 
Sudan. It's practiced by rural people at small scale level (10-50 feddans). 
According to the soil type it can be divided into two types of land use on 
clay soils, people concentrate mainly on sorghum and sesame cultivation 
and they use the traditional tools for ploughing and other land preparation 
operations while on sandy soil, the farmers grow millet, groundnut, 
kerkadi. And watermelon, Because of fragile nature of the sandy soils 
people practice kind of shifting cultivation (Elhassan et.al .2005).  
2.5.2. Irrigated agriculture:  
This is practiced either by tenant farmers in large scale schemes 
which are owned by the government eg: Gezira scheme, or small scale 
private schemes irrigated by pumps, the large-scale schemes grow mainly 
cotton, wheat, sorghum, and groundnut, while the small scale schemes 
concentrate on vegetables and fruits, the total area covered by this type of 
land use is about two million hectares. The irrigation water comes mainly 
from the Nile and its tributaries by way of gravity flow from the damps 
pump uplifting from the river or flood irrigated in Tokar& Gash 
(AttaELmoula, 1988) in Gadambaliya area where 300.000 ha were under 
mechanized farming of sorghum (Buraymah 1977). Elsammani (1986)) 
stated that the patterns of land use that lead to land degradation in the 
Sudan are the following: 
1. Repeat cultivation of land without adequate fallow period to help the 
generation of the soil fertility. 
2. Mono culture cropping system of sorghum or millet which exhausts the 
soil. 
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3. Use of heavy machinery that has negative impact on soil physical 
properties. 
2.5.4 Forest land:  
Today roughly 39 million square kilometer (29%) of the world 
land surface is under forest cover (Kerkhof, 2000) and those 28 million 
squares kilometer is in closed forest of 4o% canopy cover (Singh, 1990). 
The forest resources of the Sudan cover about million feddans and are 
mostly woodland savannah. Their distribution is such that 65% are in the 
southern state where the remain 35% are found in the northern state. 
Wood for fuel is the major forest product of which northern Sudan 
consumes million tons annually. Gum Arabic is also a major product of 
which Sudan produces 80% of the world product. Building materials, 
fencing and furniture are locally procured from the forest resources. 
Forest resources depletion is often a result of fire, wood cutting, and 
clearance for agriculture (Salih, 2007).    
Sudan forestry tree vegetation cover was estimated as 40% in 1901 
of the total area by Harrison and Jackson (1958). total forest land 
declined from 40% in 1950 to less than 20% in 1990 as estimated by FNC 
and FAO (2000) it decreased further to 13.7% in 2oo FNC, (2000). Three 
millions feddanns are designated as protected forest reserve and are 
government owned. Tree and land tenure is a particular constraint for 
land use planning; most land in rain-fed area owned by government, in 
the terms of unregistered land act, this lead to national conflicts (Elmahi, 
2004) 
 Recently enacted legal requirement specified 10% of all rain-fed land 
and 5%, of all irrigated land for crop production; should remain as forest 
or reforested, provided good venue to integrated agriculture, pastoral and 
forestry land use (Egami, 2004).  
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Demand for agriculture lands, timber and other products as well as 
technological change in agriculture significantly impacts the mode and 
rate of transformation of forested areas.The majority of wood utilized 
from Sudan’s forest is charcoal, fire wood and building materials, another 
major use of forest is gum Arabic production.     
2.5.5 Range land:  
Range land in Sudan represent 60% of the total area of the Sudan, 
nearly 80% of the total range area is located in the semi-desert and low 
rain fall savannah zones they are characterized by un predictable rainfall 
(RAP, 1993).  
  Range lands contributes substantially to income and subistances of 
a large sector of the population who are either pastoralists or agro 
pastoralists, it provides an important feed resource, it supplies 84% of the 
total feed requirement of the national herds which estimated to beabout 
103 million head according to Ministry of Agriculture &Natural 
Resources and Animal Wealth (1995). The misuses of natural resources 
such as overgrazing, over cutting of wood biomass, frequent burning of 
vegetation and expansion of rainfed farming in marginal land are among 
the major factors of range land degradation and desertification (Abuswar 
and Darrage, 2004). 
Due to expansion of cultivated lands, such problems resulted in the 
change in species composion and destruction of local conditions (Mustafa 
et.al2000) seasonal fires remove annually more than 35%of the produced 
range vegetation (RAP,1993).  
2.6 Land misuse and desertification /land degradation:              
Land misuse is a major cause of desertification. Nonetheless, over 
grazing led to shrinkage of good pasture with the consequence that 
grazing animals attack local trees such as Acacia trotilis, Acacia raddiana, 
Acacia ehrenhrgina and Zizphus spina Christi, thus aggravating the 
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situation. Noordwijk (1984) reported that original vegetation cover 
removed for cultivation and provision of fuel wood is the most severely 
desertified regions in Sahelien zones. This was supported by Bayoumi 
(1984) who gave an estimation of 584 million Acacia shrubs as being 
uprooted by Sudan nomads for fuel and 20 million cubic meters of timber 
as annual losses due to human activities. 
Desertification may occur in different locations and then the desertified 
batches may merge together forming desert like conditions, three main 
factors accelerate the processes of desertification and drought, namely 
human related activities, climatic variation such as recurrent prolonged 
drought periods and climatic change. In developing countries and Sudan 
is not an exception, the natural and induced desertification process 
include degradation of vegetation cover, wind erosion, water erosion, 
salinization/ sodication, reduction in organic matter and soil compaction, 
sealing and accumulation of substances that are toxic. (Anonymous, 
1979).  
Dregene (1985) stated that mechanized rain-fed agriculture, by its very 
nature, poses serious problems for soil conservation and management 
these problems include: 
? Stripping of natural vegetation from large tractors of land for 
cropping. 
? The soil remains bare and therefore subject to soil erosion over several 
months each year. 
? Drought-tolerant crops are selected for planting, and mono-cropping is 
practiced. 
? Fertilizers are not applied in Sudan 
All these problems exacerbate further land degradation by soil 
erosion. 
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In this respect Goda (1977) indicated that with increasing population, and 
expansion in agriculture development and livestock production, there will 
be more pressure on natural resources, with fuel wood being the forest 
product in great demand. Ayoub (1998) cited that the clearance of forests 
and woodlands cover for firewood and charcoal making and over 
exploitation of vegetation is affecting 22 million hectares, felling of trees 
for different reasons and the use of fuel wood energy are the causes of 
deforestation leading to the desertification in forest areas. 
Stebbing (1953) attributed the causes of degradation to the practice of 
annual firings of natural vegetation and misuse of natural resources by 
people and cause of degradation and degradation of forests into scrub 
type can be traced to climatic change .Baumer and Tahara (1979) 
reported that the desert encroachment in Sudan is mainly man-made 
phenomenon caused by misuse of land. The cultivation in marginal areas 
was assumed to be one of the main causes of land degradation 
/desertification (Ayoub, 1998).    
There are intentional and accidental fires. Intentional fires are 
made to control the spread of undesirable shrubs and trees and encourage 
the growth of palatable grasses and thus improve the rangeland. However, 
it has to be done at the right time, i.e. before the onset of rains. If it is 
done at the onset of the rains it will enhance soil erosion and degrade the 
rangeland. Accidental fires are harmful and cause devastating range 
degradation (Wright and Britton, 1976) 
The most serious factor which led to vegetation degradation 
depletion is the high number of animals grazing at water point which 
caused soil compaction and loss of structure (Farah, 1986). Overgrazing 
is the most widespread cause of soil degradation particularly around 
settlements and water points, affecting about 30 million hectares (47%) of 
the total degraded areas (Ayoub, 1998). Suliman and  Darrage (1983) 
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reported that agriculture expansion in the range land led to over stocking 
of grazing animals. Ayoub (1998) reported that the over cultivation of 
marginal land especially in low rainfall areas is a serious cause of 
desertification in the Sudan. He mentioned that cropping without 
appropriate nutrient input have degraded about 12 million hectares, 
particularly in small scale farming on sandy and loamy soils. 
Abuswar and Darrage (2004) and Elsammani, (1987) attributed 
desertification in rangelands of the Sudan to the following: 
? Desertification of pasture by fire. 
? Conversion of rangelands into agriculture land 
? Nomads 
? Lack of range management 
? Over grazing    
Abuswar et.al , (2000) cited that over cutting of wood for fuel and 
building purposes has catastrophic effect on environment leading to 
desertification and land degradation.  Wood consumption for fuel that 
amounted to 21 million cubic meters in 1963, increased to 28 million 
cubic meters in 1975 and 67.6 million cubic meters in 1987. Ahlcorna 
(1988) noted that decrease in the biological productivity could be caused 
by aridity and manmade factors while land degradation is mainly caused 
by man.  
2.7 Desertification processes: 
Mustafa, (2007) stated that there is difference between 
desertification and land degradation: the desertification processes are 
continuous process that pass through several stages before reaching the 
final stage desert, which is not subject to further desertification. 
Degradation or desertification process may be natural or human-induced. 
It is the latter, which can be slowed down and stopped. Degradation 
processes are not necessarily continuous. They take place over relatively 
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short periods and they can be reversed.Furthermore, degradation 
processes can occur in any ecosystem, whereas are desertification 
processes are restricted to arid, semi-arid and dry sub-humid areas. The 
processes Include: 
1. Degradation of vegetation cover. 
2. Wind erosion. 
3. Water erosion 
4. Salinization and sodication. 
5. Reduction of organic matter  
6. Soil crusting and compaction  
7. Accumulation of substances, which are toxic to plants and animals in 
soils. 
The first four processes are considered determinative because they are 
widely spread and have greater adverse impact than the remaining three, 
which considered subordinate. 
2.8 Shelterbelts: 
Shelter belts are essential for controlling wind erosion. They 
provide sheltered areas at the leeward side of the shelterbelt and improve 
the microenvironment by reducing the heat and moisture stress for crops 
and animals (Mustafa, 2007). 
Air flow is also affected by the permeability of the barrier. The greatest 
leeward (sheltered) area is achieved with porosity of about 40% Skidmore 
and Hagen, (1970) the porosity of many barriers will vary according to 
the season and amount of foliage. 
 Chepil and Woodruf (1963) suggested that the maximum amount of 
protection is provided by barrier whose cross-section is either triangular 
or sloping to the wind leeward than the vertical to the wind ward and the 
little additional protection is gained by increasing the barrier width 
beyond fire rows. They also pointed to the danger of leaving gaps in the 
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belts since they cause accelerated for ward increase and enhance the risk 
of erosion.       
2.9. Soil properties: 
 2.9.1. Physical characteristic of the soil: 
 2.9.1.1 Particle size distribution (texture): 
Khartoum State soils are formed of geological drifts that were 
subjected to alterations by climate and topography to various degrees. 
Depending on their textures and compositions  
They are composed of three different groups, namely, high level dark 
clay or sands located east of the main Nile and the White Nile, recent 
alluvial soils of the Nile system and that of the Nubian series including 
the red sand ironstone soils, pea-iron gravel soils and eroding Nubian 
sandstone soils(Worral, 1957a: 1957b). 
The state is covered by various types of soils as follows: recent soil 
deposits, soils formed from old deposits of the White Nile, Aeolian 
deposits, “wadies” and soils formed on the basement complex. Generally, 
these soils are classified as Aridisols with some pockets of Vertisols 
(Mustafa 1986).  
2.9.2. Chemical characteristics of the soil: 
2.9.2.1 Salinity and sodicity: 
In eighteen studied area, most of the salt accumulation occurred at soil 
depths of 0.3-0.6 m, top-soil salinity rarely occurred (Nachtergaele, 
1976). Salinity increased with increasing aridity; highly saline soils 
occurred where the average annual rainfall was less than 200mm, in most 
soils, average salinity values tended to increase with depth as does the 
coefficient of variation Mustafa, (2007). 
Most soils of the state are saline, sodic or saline-sodic. Sodicity 
conditions in the soil inhibit plant growth: 
1. By causing low permeability. 
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2. By preventing calcium up take by plants. 
If the exchangeable sodium percent is more than 15 there may be  
Difficulty in maintaining soils permeability. 
2.9.2.2. Composition of Soluble salts:  
The contents of moisture, soluble salts, and sodium increase with 
depth to a maximum of 60 to 90 cm deep. The salt accumulation layer is 
30 to 60 cm deep, while the highest concentration of moisture and sodium 
are located in deeper horizons. The high level sands are wind –formed 
drifts resting on high –level clays (Saeed, 1968). 
2.9.2.3. Cation Exchange Capacity: 
The ion-exchange properties of soils are generally considered to be 
almost entirely due to the clay and fine silt fractions and organic matter. 
The sand and silt fractions of soils, however, may have relatively high 
exchange capacities too, exceeding 20 and 25 meq/100g respectively 
(Rullan and Deletangs 1967).        
2.9.2.4. Hydrogen-ion activity: 
The pH is not an independent variable but rather is a function of 
several interrelated factors: 
1. The composition and structures of the parent material. 
2. The rate of leaching and temperature. 
For example, when CaCO3 is present in the parent material at levels as 
low as 1% of the soil, they can dominate the course of soil development 
because this amount is sufficient to buffer the pH values over neutrality 
and sustain a high level of biological activity (Brown.et.al, 1977) 
The overall average of pH for all depths is 8.0 the average pH of the top 
soil is 8.7 and sub soil is 8.6. pH values on saturated paste are almost 
invariably low, reflecting the effect of exchangeable sodium. 
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2.11. Degradation and land use in Khartoum State 
Khartoum State is one of the thirteen States of Sudan, which are 
affected by desertification. it located in a semi-desert region at the 
junction of white Nile and blue Nile rivers  in the center of Sudan 
between latitudes 150: 08 and 160:39 N, and longitudes 310 :36 and 340 
:25 E. the total area of Khartoum State amounts to 20, 736 km2. 
According to the latest administrative boundary decree of February 2003, 
Khartoum State is divided into seven localities, all of which are affected 
by desertification with associated environmental and socio-economic 
impact. (Mustafa et.al, 2000). 
The climate of Khartoum State is characterized by a very hot dry summer 
(April-June), a moderately hot and humid summer (July to October) and a 
cool dry winter (November-March). Rains are characterized by marked 
variations in amount and distribution over time and apace. The state 
receives an average rainfall between 75 and 150mm with peaks in august 
and September. (Mustafa et.al, 2000). 
According to Abdalla et.al (2004), the average temperature in the state 
ranges between 21.60 C and 37.70 C, the mean annual evaporation rate is 
close to 7.7mm/day, and the daily average relative humidity ranges 
between 21% and 38%. Saeed (1969) reported that “ due to the intense 
solar heating in summer particularly during the period between April and 
the onset of rains, the weather is very unstable and dust storms ‘haboobs’ 
becomes more frequent, these “haboobs” usually occur on the hottest part 
in the fixation of dust on the upper layer of the soil.           
The land of Khartoum state is generally flat with a gentle slope towards 
the beds of the main river Nile and its tributaries , the blue and white 
Niles, the surface elevation ranges between 380to 400 meters above sea 
level, elevated ridges and isolated hills are uncounted in the northeast, 
northwest and southwest of the area, the main water courses are the blue 
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Nile, the white Nile ,the main River Nile and some seasonal water 
courses ‘khors’ from within or from south western state(Mustafa, 2000). 
According to Elk rail et.al (reported in an undated GIS development (net 
electronic paper). The geologic setting in Khartoum state is composed of 
three formations, namely the basement complex, Omdurman formation, 
and Gezira formation. The basement complex is formed of solid acid grey 
gneisses and granite rocks. The Omdurman formation is composed of 
layers of ferruginous sandstone, conglomerate and mudstone layers 
resting on solid gneisses and granite rocks of the basement complex. 
Gezira formation, located between the Blue Nile and the White Nile and 
in small area at east of the Blue Nile, is composed of a sequence of 
unconsolidated inter-bedded layers of alluvial material that range in 
thickness between few meters to more than 80m.  
The high level dark clays, the northern stretches of Gezira clay plain, are 
saline and sodic.  
Since the latest sixties, early seventies and eighties a few fragment studies 
have shown that the deserts expanding from the north of Sudan at an 
alarming rate threatening the livelihood, habitats and population, as well 
as the ability of the areas to feed itself is affected, by sand encroachment 
and desertification. Various rates of desert margins advancement have 
been given in reports, papers, maps and bulletins. The quoted desert 
margin is that of Harrison and Jackson (1958), which estimated the desert 
advancement of 100km in the 17 years between 1958 and 1975, with a 
rate of 5 to 6 km/year (Salih, 2005).        
The phenomenon of the aridity and desertification caused vegetative 
impact on different areas in the Sudan. Mass movements of people to the 
state has resulted in high pressure on all services, increase in mortality of 
animals, failure of some seasons and accordingly, yield of cereal crops 
has declined to less than 50%kg/fed. All these resulted in deterioration of 
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soil, plant cover and eventually deterioration status of the state range 
status lands, as stated by (Abdalla, et.al.2004). 
2.12. Water resources for irrigation: 
 The main water resources for irrigation are: rain water, surface water, 
ground water, and sea water, (Mustafa, 2007). 
2.12.1. Factors affecting the quality of irrigation water: 
Water used for irrigation can vary greatly in quality depending upon type 
and quantity of dissolved salts;salts which present in irrigation is 
relatively small but significant amount,(Ayers and Westcot, 1985). The 
original source of salts in irrigation water is the rocks and minerals that 
form part of earth's crust. They are constantly subjected to weathering, 
which releases salts to be carried away by water, (Abrol et.al, 1988).     
2.12.2. Water quality indicators:  
The quality of water from the upper aquifer ranges from acceptable to 
poor for domestic uses. Whereas at from the lower aquifer is 
comparatively good for both drinking and household purposes, although 
very saline and hazardous zones were encountered in places. The 
irrational use of the slight to moderate salinity level of ground water on 
clay soils makes it potentially hazardous for irrigation purposes 
(Mustafa.1984).                   
The quality of the irrigation water is determined by the concentration and 
the composition of the dissolved constituents. Most salinity problems in 
agriculture result directly from salts carried in the irrigation water. As 
water evaporate, the dissolved salt remains, resulting in solution of higher 
salt concentration. The amount and the composition of this salt define the 
suitability of water quality for irrigation and the potential toxicity; it also 
affects the nutritional balance e. g sulfate salt would limit the uptake of 
ca++ and increase adsorption of Na+ and Ka+, high concentration of 
potassium salt may cause magnesium deficiency and Fe chlorosis.for 
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instance, if sodium and Cl- are the most prevalent pair of calcium and 
ammonium in the water, the dominant type of water for this well has Na-
Cl. 
All natural water contain dissolved salts, the quantity and type of which 
depends on its origin and its course before use. In the Sudan, the 
agriculture sector consists of irrigated, rain-fed (mechanized and 
traditional) sub-sectors. The good quality water Nile and its two 
tributaries, the Blue and White Niles are used for irrigating large general 
and private schemes and small traditional farms (Mustafa, 1973). 
Some private schemes use ground waters of good to medium salinity 
levels for irrigation (Mustafa, 1984)  
Rain water has the lowest salt content of all types of water used for 
irrigation. This water contains dissolved Gases (N2, Ar, O2, CO2) 
dissolved salts originating from terrestrial and marine source (Mustafa, 
2007)      
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CHAPTER THREE 
Materials and Methods 
3.1. Materials:  
3.1.1. Description of the study area:  
3.1.2. Location: 
The project is located in southwest of Omdurman locality about 
50km on the western bank of White Nile. The total area is amounting 
about 180feddans. The land has gentile slope from south west towards the 
western bank of the White Nile. The project established in 1969-1970 in 
term of co –operative union scheme. (Location Map (1) shows the study 
area). 
3.1.2 Aims of Gamoia project:  
The establishment of the project stands for the following objectives: 
• To utilize the land near the White Nile for modern agriculture 
practices. 
• To support the local development of the area and the socio-
economic status of the people. 
• To form new source of income and sustain people of villages of 
Gamoia tribes. 
• To supply the capital with vegetables, animal forage product. 
• To help the population of the area to control desert 
encroachment.  
3.1.3 Irrigation: 
The project depends on pumps for irrigating the area from the White 
Nile main canal divided into two sub-canals, the western canal (17km) 
and eastern one (9km) which were commonly branched into small canals. 
There are two electrical pumps on the western side of the White Nile only 
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one of them is working and producing about 29m3/second to pump about 
104.400 m3/hour.  
 
Map (1):  Location Map 
 
Source: Remote Sensing Authority: 2010 
 
 
 
 
 
 
3.1.4 Climate: 
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The project lies in arid zone which receives an annual rain-fall 
varies from75-300mm during the hot summer months (Harrison and 
Jackson, 1958). The peak of rainy season is July august until the mid of 
September, and the temperature is high with mean maximum 450c and 
mean minimum of about 250c. Evaporation exceeds annual rainfall and 
relative humidity 30% during most of the months except July-august 
where exceeds 60%; wind speed is high (17)km/h most of the year and 
can cause erosion problems in this zone where vegetation cover is low, 
Sand dunes are feature in this zone and sand encroachment is real hazard 
(Musnad et.al, 2007). 
3.1.5 Vegetation covers: 
The local vegetation is valuable for grazing and its distribution is 
more related to soil type rather than rain-fall.the characteristic dominant 
woody species are Acacia, spp, while the dominant grass cover is mainly 
annuals with few perennials (Harrison and Jackson, 1958). 
 3.1.6 Soil: 
Soil is Vertisol formed on old alluvium deposit on second terrace; the soil 
has hydration and appearance of gravels. There is silt crust and salutation 
around high lands.  
3.1.7. Land Ownership and utilization system: 
Farmers are owners of their hawasha. The land characterized by 
small holdings and land fragmentation; the relation between project and 
farmers is technical relationship like extension services technology 
transfer.  The pattern of land use in the area is traditional agriculture .The 
local residence produce mainly fodder crops (sorghum) and vegetables, 
recently wheat due to green campaign policy. 
 
 
3. 1.8 Soil and water samples: 
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The materials used in this study include water and soil samples 
collected during March-April 2009.Forty five soil samples collected from 
five sites in the project using auger. Each auger sample with three 
replicates and three depths (0-30cm), (30-60cm) and (60-90cm)three 
auger were taken from two farms as follows: farm (3)cultivated by wheat  
(site 3) 3 samples were collected from depths (0-30cm, 30-60cm and 60-
90cm); farm (4) cultivated by vegetables . 
Samples collected from the area of the shelter belt. 
The distances between each auger hole were 50 meters along the project 
area.Also two water samples were collected; one from the White Nile, 
other two from two wells.All soil samples were packed in plastic sacks. 
3.1.9 Site1 and Site 2 Shelter belt samples:  
Three augers from upwards side Site(1) and other three ones from 
leeward side Site(2) they are used to detect the sand encroachment status. 
3.1.10. Site 3: Ahmed El-tohami (hawasha): 
It is located in the north side with a total area about fifteen Feddans 
always grow fodder crops mainly sorghum and legumes and some time 
wheat and irrigated from main canal comes from White Nile. 
3. 1.11 Site 4: Norain Hammed (hawasha):  
It located in the southern side of the project with twelve Fadden in the 
middle of project, it grows vegetables (okra, cucumber potato, and 
tomato) irrigated from main canal comes from White Nile, 
3.1 .12 Sites 5: Bare land samples: 
This hawasha unvegetated (fallow) it was used for comparison. 
3.2. Methods: 
3.2.1. Methods of soil analysis: 
All soil samples collected by auger with three replicates and three 
distances 50 meters between each auger and another were spread on 
plastic sheet in the room temperature (250C) for three days in order to 
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dry, samples were prepared using woody mortar and passed through 
2.00mm sieve, the weight (net) of each sample was 1kg. 
The sieved samples were used for assessing the physical and chemical 
soil properties. 
3.2. 2. Soil saturation extract:  
Soil sample (250gm) was weighted in plastic container, distilled water 
was added to the soil sample, and spatula was used to stir the soil until it 
reaches the saturation point using factors for saturation ex: at this point 
the soil paste flows when the container is tilted reflect the light and slides 
freely and cleanly off the spatula. 
3.2.3. Soil analysis: 
The saturated soil paste was transferred to filter paper placed on funnel 
connected to vacuum pump and  saturation extract was collected in 
bottles the extract were kept for analysis various soil properties. 
Soil pH was determined in the paste according to (US salinity laboratory 
staff (1954)). 
Electrical conductivity of extract (ECe ) was measured.  
Sodium (Na+) and potassium (K+) were determined by using flame 
photometer. 
Calcium (Ca++) and magnesium (Mg++) were determined by using 
titration against EDTA as to the method described by (Cheng and Bray, 
1951). 
Bicarbonate (HCO3) was determined by titration against acid (Reitemier, 
1943). 
Chloride (CL-) was determined by titration against silver nitrate 
(Reitemer, 1943). 
Soil particle size distribution was determined by the Hydrometer Method 
(Black et.al, 1965). 
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The texture class determined according to United State Department of 
Agriculture (USDA textural triangle). 
     From the saturation extract sample, SAR was calculated from soluble 
Na+ and Ca+2 +Mg+2   using the following relationship According to (US 
Salinity Laboratory Staff, 1954): 
 
                                       SAR =                 Na+ 
                                                                  Ca++ + Mg++ 
                                                                  2 
 
The exchangeable Sodium Percentage (ESP) was calculated according to 
the following equation: 
              ESP:   Ex Na+  X 100 
                                CEC 
   3.2.4. Analysis of water samples: 
Two Water samples were collected from White Nile and other one 
from wells of the study area, and then both samples were used to 
determine the following parameters: 
pH,  ECe, RCS, Ca, Mg , K , Na , CO3, HCO3, same methods followed 
in the analysis of soil paste described above were used. While the 
Residual Sodium Carbonate (RSC) calculated according to the following 
equation: 
RSC= (CO3--+HCO3-) _ (Ca+++Mg++) 
   The cations concentrations are expressed in (meq/L). 
3.2.5. Statistical Analysis: 
The data obtained from water and soil samples were analyzed 
according to SAS program version (3), (SAS, 1994). 
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Randomized Complete Block Design (RCBD) was used to estimate the 
effects of the measured parameters. Each soil sample was analyzed in 
three replications. The T-taste was used to analyze water samples.  
For soil and water the significance level accepted was P≤ 0.05 and means 
were separated according to Least Significant Difference (LSD) 
According to (Gomez and Gomez, 1984). 
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CHAPTER FOUR 
Results and Discussion 
4.1 soil and water characteristics:  
The results are tabulated in Table 4.1 to 4.20 which illustrate the 
averages of soil and water properties in the study area. The results 
showed the soil and water characteristics of the study sites. Obtained 
results show the alkaline reaction of soil, where pH ranges between 5.43 
to 8.37, moreover ECe 0.43to 8.03 to, where the value of 8.03dS/m was 
recorded in Norain hamid farm( Site 4) in depth 60 and 90cm. SAR 
values fall within the slight, moderate and strong degrees of salinity 
between 5.2 to 25.6 where the value of 25.6 found in depth 60 and 90 in 
bare land farm sodium Na ranges between 54.27 to 3.70 where the value 
54.27 found in depth 60 and 90 in Norain Hamid farm, this case 
attributed to leaching of salt by the drainage of rain fall. The exchange 
cations including potassium, organic carbon and nitrogen content are low. 
4.2. Physical characteristics: 
4.2.1. Soil texture mean in different sites and depths: 
Table (4-1) Soil texture is one of the most important characteristics 
which influences the physical properties of the soil and has great 
significance to land use and management. The results obtained in this 
study indicated that the texture of study areas ranges between sandy 
loams to clay. Nonetheless it was observed that Site A and Site B farm 
showed increase of clay and decrease of Silt, which indicated that the 
area protected by shelterbelt and no sand accumulation.General data show 
that the clay fraction trend to increased gradually in sites depths.  
The results obtained showed the high clay content which ranged between 
53.8 and   28.8 where the value 53.80found in the depths 60cm and 90cm 
in Shelter belt-2.The presence of HCO3 could influence the creation of 
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some sodic pockets in the soil. The high clay content could affect the soil 
permeability. 
The soil Classified as Vertisols Eltom (1973), the soil have symptoms of 
Vertisols that represented in dark brown color and slight cracks, 
(American Soil taxonomy, 1975).  
There is significant difference (P≤0.05) along sites in depth (0-30cm), but 
no significant difference along depth (30-60cm) and (60-90cm) also sites 
are not significant difference along depths. 
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Table (4.1) Mechanical analysis of the soil: 
 
 
Means within each depth followed by similar letter(s) are not 
Significantly different at (P≤0.05) using LSD.    
 
 
0-30cm 
Site Sand % Silt% Clay% texure 
Site 1 33.7ab 19.40b 46.9a 
Sandy 
Clay 
Site 2 30.9ab 20.3b 48.9a Clay 
Site 3 32.73a 24.43b 38.40a 
Sandy  
Clay 
Site 4 36.30a 22.30b 41.4a 
Clay 
Loam 
Site 5  34.10ab 24.90b 41.0a Clay 
                                                  30-60cm 
Site 1 31.80b 16.93c 51.1a Clay 
Site 2 29.43b 19.43c 51.13a Clay 
Site 3 36.17a 25.2b 40.4a 
Sandy 
clay 
Site 4 32.8ab 23.2b 44.0a 
Clay 
loam 
Site 5 25.13b 26.8b 47.8a Clay 
                    60-90cm  
Site 1 29.33b 17.63c 53.03a 
Sandy 
clay 
Site 2 28.33b 17.9c 53.8a 
Sandy 
clay 
Site 3 34.4b 23.47c 42.23a Clay 
Site 4 36.33b 22.83c 44.2a Clay 
Site  5 23.34b 27.13b 49.23a Clay 
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4.3. Chemical Characteristics: 
4.3.1. pH mean in different sites:  
Table (4.2) showed pH values. There is no variation (P≤0.05) along 
sites. The highest value (8.37) was recorded in Site(2) in depth 60-90cm 
while the lowest value (5.43) in depth 30-60cm in Site5.all sites pH more 
than 7 and this lead to slowly the decomposition of organic material this 
not accepted Mustafa,(2007)who stated that in pH 5-7.5 microbiological 
decomposition, pH has little effect. The results of soil increased down 
ward in exception of Site (5) may regard to fallow and no adding 
fertilizers. 
Table (4.2) pH mean in different sites:  
Sites  
Site1 
(upward) 
Site2 
(leeward) 
Site 3 
(fodder) 
   Site 4 
(Vegetable)  
Site 5 
(Control)
Depth 
(cm) 
0-30 7.87a 8.27a 7.93a 7.70a 7.63a 
30-60 7.90a 8.13a 8.03a 8.03a 5.43a       
60-90 8.03a 8.37a 8.27a       `8.23a       5.6a       
 
Different letters along the same rows indicate significant differences 
according to Least Significant Difference (LSD).while the same letters 
indicates no significant differences. 
4.3.2 Electrical Conductivity (ECe ds/m) mean in different sites: 
Table (4.3) reflects ECe values in the sites with their three depths 
they differ significantly at (P≤0.05) along farms with depth 0-30cm. The 
highest value (8.03) was recorded in Site (4) in depth 60-90cm while the 
lowest value (0.43) in depth 30-60cm in Site 2. 
Analysis of the collected soil samples from the study area showed that 
salinity ranged from8.03 to 0.43. FAO,(2006) reported that ECe <0.75 
non saline, ECe 0.72-2 slightly saline , ECe 2-4 moderately saline , ECe 
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4-8 strongly saline , ECe 8-15 very strongly saline and ECe >15 
extremely saline, the improper methods, measures and human activities 
cause increase  salinity in the soil, and this may be attributed to irrigation 
methods. The results show that Site1and Site2non saline and may be 
attributed to the system of irrigation used (rain fall). Also Site5 none 
saline may be attributed to leaching by White Nile water or due to fallow 
period vegetative farms ranged from moderately saline to strongly saline 
while control farm and sheltered areas less than farmed. 
Table (4.3) Electrical Conductivity mean in different sites: 
 
Different letters along the same rows indicate significant Differences 
according to Least Significant Difference (LSD).while the same letter 
indicate no significant differences.  
4.3.3. Soluble Sodium (meq/L) mean in different Sites: 
Table (4.4) shows Sodium values within their three depths and 
there is significant difference (P≤0.05) along farms depth 0-30cm and 60-
90cm but depth 60-90 has significant different. The highest value 
(54.27) was recorded in Site 4in depth 60-90cm, while the lowest value 
(3.70) in depth 0-30cm in Site 2. Maybe increase downward due to 
leaching of irrigation water, evaporation and movement of salt 
downward.  
 
Sites  
Site1 
(upward) 
Site2 
(leeward) 
Site 3 
(fodder) 
   Site 4 
(Vegetable)  
Site 5 
(Control) 
Depth 
(cm) 
0-30 2.23a      0.43a     2.53a      2.83a       1.63a      
30-60 2.50ab       0.60b       4.97ab       5.93a      2.83ab 
60-90 3.40b       1.07b       7.27a       8.03a       3.83b      
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Table (4.4) Soluble Sodium (meq/L) mean in different Sites: 
Site  
Site1 
(upward) 
Site2 
(leeward) 
Site 3 
(fodder) 
   Site 4 
(Vegetable)  
Site 5 
(Control) 
Depth 
(cm) 
0-30 14.47a       3.70c       14.27a 14.50a 8.83b       
30-60 17.27b       4.30c       31.07a       25.03a       16.63b       
60-90 22.10b       6.43c       44.83a       54.27a       23.23b       
 
Different letters along the same rows indicate significant differences 
according to Least Significant Difference (LSD).while the same letter 
indicate no significant differences. 
4.3.4 Magnesium (Mg) mean in different sites: 
Table (4.5) shows Magnesium values and there is significant 
difference (P≤0.05) along farms, the highest value (10.21a) was 
recorded in Site 4 in depth 60-90cm while the lowest value (0.51a) in 
depth 0-30cm in Site 2.also increased downward due to irrigation water, 
evaporation and movement of salt upward. 
Table (4.5) Magnesium mean in different Sites and depths: 
Site  
Site1 
(upward) 
Site2 
(leeward) 
Site 3 
(fodder) 
   Site 4 
(Vegetable)    
Site 5 
(Control)
Depth 
(cm) 
0-30 3.02b       0.51c      5.47a       4.49a       4.41a       
30-60 3.93b      0.81c       7.13a      6.95a       5.55a       
60-90 5.91b      1.61c       8.51a       10.21a       5.87b       
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Different letters along the same rows indicate a significant difference 
according to Least Significant Difference (LSD).while the same letter 
indicates no significant differences.  
4.3.5 Calcium (Ca) mean in different sites: 
Table (4.6) shows Calcium values along the sites and there is 
significant difference (P≤0.05) along farms. The highest value (17.08a) 
was recorded in Site 4 in depth 60-90cm while the lowest value (1.62a) 
in depth 30-60cm in Site2. Site 3and site 4 Ca increased downward may 
be regard to leaching or fertilizing. 
Table (4.6) Calcium mean in different Sites and depths: 
Site  
Site1 
(upward) 
Site2 
(leeward)
Site 3 
(fodder) 
   Site 4 
(Vegetable)  
Site 5 
(Control) 
Depth 
(cm) 
0-30 6.04b 3.62c      10.93a       7.03ab      8.82a       
30-60 7.87b       1.62c       14.27a      13.90a       7.27b       
60-90 7.92b       3.20c       16.51a       17.08a       11.56ab       
 
Different letters along the same rows indicate a significant difference 
according to Least Significant Difference (LSD).while the same letter 
indicates no significant differences.  
4.3.6 Potassium (K) mean in different sites and depths: 
Table (4.7) shows Potassium values within three depths and there 
is significant difference (P≤0.05) along farms .The highest value (1.73a) 
was recorded in Site4 in depth 60-90cm while the lowest value (0.13a) 
in Site 2 in depth 0-30cm.  
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Table (4.7) Potassium (K) mean in different sites and depths: 
 
Different letters along the same rows indicate a significant difference 
according to Least Significant Difference (LSD).while the same letter 
indicates no significant differences. 
4.3.7 Sodium Adsorption Ratio (SAR) mean in different sites: 
Table (4.8) shows Sodium Adsorption Ratio (SAR) values along 
sites and there is significant difference (P≤0.05) along farms, The highest 
value (25.69) was recorded in Site5in depth 60-90cm while the lowest 
value (5.21a) in depth 0-30cm in Site5. SAR values increased 
downward with exception of Site 2 may be regard to leaching and moving 
to under layers.  
Table (4.8) (SAR) mean in different sites and depths: 
Site  
Site1 
(upward) 
Site2 
(leeward) 
Site 3 
(fodder) 
   Site 4 
(Vegetable)  
Site 5 
(Control) 
Depth 
(cm) 
0-30 9.51a       5.58c       8.36b       8.75b      5.21c       
30-60 10.22a       5.55bss      13.71a      11.02a 7.12b      
60-90 10.48c      5.67d       15.53b       19.70b       25.69a       
Site  
Site1 
(upward) 
Site2 
(leeward) 
Site 3 
(fodder) 
   Site 4 
(Vegetable)   
Site 5 
(Control) 
Depth 
(cm) 
0-30 0.40a       0.13b       0.50a       0.47a       0.20b       
30-60 0.60c      0.27a 0.97a       1.20a       0.57c      
60-90 0.93b       0.27c       1.30ab       1.73a      0.90b       
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Different letters along the same rows indicate significant differences 
according to Least Significant Difference (LSD).while the same letter 
indicate no significant differences. 
4.3.8. Bicarbonate (HCO3) mean in different sites and depths: 
Table (4.9) reflects Bicarbonate values within the three depths and 
there is significant difference (P≤0.05) along farms. The highest value 
(6.57a) was recorded in Site4in depth 60-90cm while the lowest value 
(0.23c) in depth 0-30cm in Site1, Site 2. 
Table (4.9) Bicarbonate (HCO3) mean in different sites:  
 
Different letters along the same rows indicate significant differences 
according to Least Significant Difference (LSD).while the same letter 
indicate no significant differences. 
 
 
 
 
 
 
 
 
 
Site  
Site1 
(upward) 
Site2 
(leeward) 
Site 3 
(fodder) 
   Site 4 
(Vegetable)  
Site 5 
(Control) 
Depth 
(cm) 
0-30 0.23c       0.23c       1.70a       1.37ab 1.00b       
30-60 0.57c       0.50c       3.27a       3.80a       1.07b       
60-90 0.83c 0.67c       6.37a       6.57a       3.83b       
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4.3.9. Chloride (Cl) mean in different sites and depths: 
Table (4.10) shows Chloride values within sites and there is 
significant difference (P≤0.05) along farms. The highest value (56.43) 
was recorded in Site (3) in depth 60-90cm while the lowest value (2.43) 
in depth 0-30cm in Site 2. Chloride increased downward this 
phenomenon is perhaps due-to saline irrigation water or use of water 
transported over salt-affected lands.  
Table (4.10) Chloride mean in different sites: 
Site  
Site1 
(upward) 
Site2 
(leeward) 
Site 3 
(fodder) 
   Site 4 
(Vegetable)  
Site 5 
(Control) 
Depth 
(cm) 
0-30 8.17b       2.43c       17.13a       17.80a      10.83b       
30-60 11.90c       2.43d       34.93a       24.33b       21.27b       
60-90 14.83c       5.57d       56.43a       52.07a       28.13b       
 
Different letters along the same rows indicate significant differences 
according to Least Significant Difference (LSD).while the same letter 
indicate no significant differences. 
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4.3.10. Cation Exchange Capacity (CEC) mean:  
Table (4.11) shows Cation Exchange Capacity (CEC) values and 
there is significant difference (P≤0.05) along farms. The highest value 
(67.33a) was recorded in Site (4) in depth 30-60cm while the lowest 
value (42.67a) in depth 30-60cm in Site5. CEC is related to soil texture 
the type of clay mineral and the organic matter.  
Table (4.11) Cation Exchange Capacity mean in different sites and 
depths 
Site  
Site1 
(upward) 
Site2 
(leeward) 
Site 3 
(fodder) 
   Site 4 
(Vegetable)   
Site 5 
(Control)
Depth 
(cm) 
0-30 60.33a       53.33b       61.67a         65.00a      66.00a      
30-60 61.67a       54.67ab       66.33a       67.33a       43.33b      
60-90 64.33a       57.67ab       65.33a       66.67a      42.67b      
 
Different letters along the same rows indicate significant differences 
according to Least Significant Difference (LSD).while the same letter 
indicate no significant differences.  
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4.3.10. Cation Exchange Capacity (CEC) mean:  
Table (4.12) shows Exchangeable Sodium Percentage (ESP) values 
there is significant difference (P≤0.05) along farms. The highest value 
(19.01) was recorded in Site3 in depth 30-60cm while the lowest value 
(8.59) in depth 30-60cm in Site. 
Table (4.12) Exchangeable Sodium Percentage means: 
 
Different letters along the same rows indicate significant differences 
according to Least Significant Difference (LSD).while the same letter 
indicate no significant differences.  
 
 
 
 
 
 
 
 
 
 
 
Site  
Site1 
(upward) 
Site2 
(leeward) 
Site 3 
(fodder) 
   Site 4 
(Vegetable)   
Site 5 
(Control)
Depth 
(cm) 
0-30 9.10c       9.57c      13.18b       11.73bc       16.08a      
30-60 9.15c       8.59c       19.01c       16.19a       12.48b      
60-90 10.38b       10.06b      17.09a       11.53b      11.91b      
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4.3.12. Organic Carbon (O.C) Percentage mean in different sites and 
depths: 
Table (4.13) shows Organic Carbon (O.C) Percentage values and 
there is significant difference (P≤0.05) along farms. The highest value 
(0.80a) was recorded in Site1depth 30-60cm whiles the lowest value 
(0.07a) in depth 60-90cm in Site 2. Organic carbon related to organic 
matter(Assimilation). 
Table (4.13) Organic Carbon Percentage means in different sites 
depths: 
 
Different letters along the same rows indicate significant differences 
according to Least Significant Difference (LSD).while the same letter 
indicate no significant differences. 
 
 
 
 
 
 
 
 
 
Site  
Site1 
(upward) 
Site2 
(leeward) 
Site 3 
(fodder) 
   Site 4 
(Vegetable)  
Site 5 
(Control) 
Depth 
(cm) 
0-30 0.16c       0.14c     0.47a      0.53a 0.37b 
30-60 0.80a 0.13c 0.20b 0.11c 0.23b 
60-90 0.57a 0.07c 0.09b 0.05c 0.10b 
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4.3.13. Exchangeable Sodium percentage mean in different sites: 
Table (4.14) shows Exchangeable sodium mean values there is 
significant difference (P≤0.05) along farms. The highest value (25.33a) 
was recorded in Site 4 in depth 0-30cm whiles the lowest value (4.7a) in 
depth 30-60cm in Site 2. 
Table (4.14) Exchangeable Sodium percentages mean in different 
sites: 
 
Different letters along the same rows indicate a significant difference 
according to Least Significant Difference (LSD).while the same letter 
indicates no significant differences. 
 
 
 
 
 
 
 
 
 
 
 
 
Site  Site1 
(upward) 
Site2 
(leeward) 
Site 3 
(fodder) 
   Site 4 
(Vegetable)  
Site 5 
(Control) Depth (cm) 
0-30 25.33d 5.10c 8.30b 8.23a 10.33a 
30-60 5.77c 4.70c 8.77a 12.63b 7.37a 
60-90 6.70b 5.80c 12.47a 6.87b 7.97b 
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4.3.14. C/N Ratio mean in different sites: 
Table (4.15) shows C/N Ratio mean in different mean values and 
there is significant difference (P≤0.05) along farms. The highest value 
(17.50) was recorded in Site4 in depth 0-30cm while the lowest value 
(1.96) in depth 0-30cm in Site1 C/N Ratioon of the factors affecting 
organic matter when soils with low C/N Ratios are more degradable than 
those with high ratios Mustafa.(2007).     
Table (4.15) C/N Ratio mean in different sites: 
 
Different letters along the same rows indicate significant differences  
According to Least Significant Difference (LSD).while the same letter 
indicates no significant differences.  
 
 
 
 
 
 
 
 
 
 
Site  
Site1 
(upward) 
Site2 
(leeward) 
Site 3 
(fodder) 
   Site 4 
(Vegetable)  
Site 5 
(Control) 
Depth 
(cm) 
0-30 1.96c 2.14c 16.11a 17.50a 10.17b 
30-60 2.06c 2.29c 11.11a 6.67b 6.11b 
60-90 2.50b 3.50ab 4.25a 3.67ab 4.67a 
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4.3.15. Nitrogen mean in different sites and depths: 
Table (4.16) shows Nitrogen mean values and there is significant 
difference (P≤0.05) along. The highest value (0.09a) was recorded in 
Site5in depth 0-30cm while the lowest value (0.01) in depth 60-90cm in 
Site4 and Site3. Generally nitrogen rarely in Sudanese soils due to 
poorness in organic matter Baumgartl and Horn, 1991 stated that 
degradation mainly involves destruction of soil structure these processes 
are due to losses of soil organic matter by intensive agricultural practices.  
Table (4.16) Nitrogen mean in different sites: 
 
Different letters along the same rows indicate significant differences 
according to Least Significant Difference (LSD).while the same letter 
indicate no significant differences. 
 
 
 
 
 
 
 
 
 
 
Site  Site1 
(upward) 
Site2 
(leeward) 
Site 3 
(fodder) 
   Site 4 
(Vegetable)     
Site 5 
(Control) Depth (cm) 
0-30 0.08a 0.07a 0.03b 0.03b 0.09a 
30-60 0.04ab 0.06a 0.02b 0.02b 0.02b 
60-90 0.02a 0.02a 0.01a 0.01a 0.02a 
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4.4 Water characteristic mean: 
Table (4.17) Water shows the water quality in the study area,( ECe, 
PH, Ca, Mg, k, Na, HCO3, CL, and RSC,), the two water types revealed   
significant different (P≤0.05) while the parameters (pH, k,)  which in 
same letters aren't significantly different. 
Table (4.17) Water characteristic mean: 
 
Different letters along the same rows indicate a significant difference 
according to Least Significant Difference (LSD).while the same letter 
indicates no significant differences. 
 
4.4.1. Indicators of water quality for irrigation:  
The indicators used for appraising the quality of irrigation water are: 
-The Electrical Conductivity (ECe), which is indicative of the salinity 
hazard, the Residual Sodium Carbonate (RSC), which is indicative of the 
carbonate hazard and concentration of phototoxic element, e.g. boron, 
Richards, (1954).The low level of ECe recorded of water sample 
collected from the study area from white Nile and well indicated that the 
water highly suitable for irrigation in all farms, where the values of ECe 
values 0.17dS/m white Nile, and 0.610dS/m in Well.  Ayers and Westcot, 
(1985) reported that the degree of restriction on use of water for 
irrigation, where the water ECe more than 3.0 dS/m defined as a severe 
degree for irrigation, and between 0.7-3 dS/m is a normal range for 
Water 
source 
ph ECe Ca Mg K Na HCO3 CL RSC
meq/L 
White 
Nile 
 7.27a     0.17b     0.49b     0.43b      0.12a      0.95b       0.00b    0.75b    1.45b    
    
Well 
 7.09a     0.58a     5.35a     1.48a      0.09a      4.04a       0.33a     2.37a    7.60a    
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irrigation. The water reaction (pH) of the study area ranged from 7.27 
White Nile to 7.9, alkaline 
Which indicate that water of White Nile quality is suitable for irrigation,  
The value of water Residual Sodium Carbonate (RSC) obtained from 
water sample of the study area indicated that the water suitable for 
irrigation ranged between 2.56 of Well -1.87of white Nile Eaton, 
(1949) reported that if RSC > 2.5 the water is unsuitable for irrigation, 
while 1.25 < RSC > 2.5, it is considered as marginal and if RSC < 1.25 it 
is probably safe for irrigation. According to Eaton the well water is 
unsuitable for irrigation.  
4.4.2. Indicators of water quality for drinking:  
Drinking water is vital to life if not subject to chemical and 
microbial contamination. Thus it could be a real health hazard.  
Water is said to be potable when its general physical characteristics are 
acceptable by the average consumer. Hassan,(1986).The levels of, 
magnesium, calcium, sulphate, chloride, in the study area are tabulated in 
(Table 5.1). It was observed that the result within the permissible range 
recommended by WHO (1984). Moreover, WHO reported that the water 
supply to be used for human or animal drinking should fall in the 
following limits: 
Total dissolved salt              1500 p.p.m 
Sulphates                            750 p.p.m 
Chlorides                            600 p.p.m 
Nitrates as No3                   40 p.p.m 
Fluorides                            2 p.p.m 
Magnesium                         180 p.p.m      
Calcium                              200 p.p.m 
Zinc                                   20 p.p 
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CHAPTER FIVE 
Conclusion and Recommendations 
 
5.1. Conclusion: 
Shelterbelt which founded to protect the project area was 
destroyed. The highest value of pH was recorded in it is area.The area 
was subject to land misuse, the control (bare land) revealed lowest value 
of ECe   in accordance to other sites. 
Norain hamid farm recorded the greatest values of parameters which 
vegetated by wheat, but in upper depth (0-30) the soil was normal due-to 
vegetation of wheat and sorghum.Chemically the soil of the study area is 
alkaline pH 8.37, and very poor in organic carbon, moderate in its 
bicarbonate, nitrogen decreased with depth up down ward .SAR increased 
with depth. 
Soluble cations increased with depth might be the high amount of RSC in 
well water may lead to secondary salinization and could make well water 
unsuitable for irrigation.Shelter belt recorded lowest values of (CL-, 
Mg+2, Ca+2, Na+1) and the chloride is low in sheltered area than the other 
project sites. 
Suitable irrigation methods and addition of mineral fertilizers will 
increase soil fertility and productivity 
 5.2. Recommendations: 
Renewing of shelterbelts should considered of the priorties  in the 
future and further studies  to be under taken to assess land degradation 
indicators such as vegetation cover degradation .  
Reduction of sodicity by adding biological fertilizers. 
Creation of strong agency for coordination and control of land 
degradation/desertification. 
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The natural resources development needs to be matched with prevailing 
social, economic, and health conditions which may considerably alter 
production perspectives; 
It is important to understand the changes that take place in the soil surface 
layer, in which organic matter and plant nutrients are concentrated.  
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Appendix (1) Table (1) soil chemical properties for shelterbelt-1 site: 
P N C:N Caco3 O.C ESP CEC CL- HCo3 Co3 SAR K Ca+2 Mg+2 Na+ ECe PH Dept
h 
cm 
4.1 0.08 2.5 6 0.2 11.88 64 9.4 0.2 0 10.82 0.2 6.7 3.36 17.2 2.5 7.8 0-30
3.2 0.04 2.25 4 0.09 10.93 65 10.6 0.4 0 10.94 0.5 9.6 4.8 19.8 2.8 7.8 30-60 
3 0.02 3 3 0.06 11.92 68 13.2 0.7 0.1 11.04 0.5 10.86 5.43 22.3 3.0 8.1 60-90 
1.2 0.09 1.12 5 0.10 8.07 57 8.8 0.3 0 8.04 0.3 5.4 2.7 11.5 1.9 7.9 0-30
0.9 0.03 2.34 3 0.07 7.54 62 12.5 0.6 0.1 8.95 0.6 7.8 3.9 15.4 2.2 7.8 30-60 
0.6 0.03 2 2 0.06 9.85 63 14.6 0.9 0.1 10.4 1.1 1.3 6.5 23.1 3.4 7.9 60-90 
2.2 0.08 2.25 7 0.18 7.34 60 10.3 0.2 0 9.67 0.7 6 3.2 14.7 2.3 7.9 0-30
1.3 0.05 1.6 5 0.08 8.99 59 12.2 0.7 0.1 10.78 0.7 5.8 3.1 16.6 2.5 8.1 30-60 
0.7 0.02 2.5 4 0.05 9.36 62 16.7 0.9 0.1 10 1.2 11.5 5.2 20.9 3.8 8.1 60-90 
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Appendix (2) table (2) soil chemical properties for shelterbelt-2 site: 
 
P N C:N Caco
3 
O.C ESP CEC CL- HCo3 Co3 SAR K Ca+2 Mg+2 Na+ ECe PH Depth 
cm 
1.2 
 
0.07 2.57 6 0.18 11.509 53 1.9 0.2 0 5.343 0.1 0.734 0.367 2.8 0.3 8.1 0-30 
1 0.06 2 6 0.12 9.074 54 2.4 0.4 0 6.200 0.2 1.54 0.77 4.7 0.6 8.3 30-60 
0.6 0.02 4 4 0.08 8.620 58 3.1 0.4 0 6.529 0.2 3.06 1.53 7.9 1.2 8.4 60-90 
3.2 0.06 2 3 0.12 8.846 52 2.6 0.2 0 5.569 0.2 2.41 0.83 4.4 0.6 8.9 0-30 
1.7 0.05 2.2 2 0.11 7.222 54 2.2 0.5 0 5.224 0.3 1.26 0.64 3.6 0.5 8.2 30-60 
1.2 0.01 4 2 0.04 10.689 58 6.3 0.8 0.1 4.657 0.3 3.2 1.63 5.1 0.9 8.3 60-90 
2.8 0.07 1.857 5 0.13 8.363 55 2.8 0.3 0 5.820 0.1 1.12 0.6 3.9 0.4 7.8 0-30 
1.9 0.06 2.666 4 0.16 9.464 56 4.5 0.6 0 5.225 0.3 2.07 1.03 4.6 0.7 7.9 30-60 
0.6 0.02 2.5 4 0.05 10.877 57 7.3 0.8 0.1 5.812 0.3 3.35 1.67 6.3 1.1 8.4 60-90 
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Appendix (3) table (3) soil chemical properties for area vegetated vegetable site: 
 
P N C:N Caco3 O.C ESP CEC CL- HCo3 Co3 SAR K Ca
+2 Mg+2 Na+ ECe PH Depth 
cm 
0.4 0.1 10 5 0.1 10.461 60 26.3 2.5 0.2 10.856 1.1 11 6.3 23.6 4.3 8.1 0-30 
0.4 0.1 10 7 0.1 15.151 65 45.2 3.2 0.2 19.058 1 14.8 7.2 44.9 6.3 8.1 30-60 
1 0 0.1 10 0.1 19.509 66 67.6 9 0.8 18.056 1.6 25.74 12.87 56.1 8 8.3 60-90 
2 0.03 23.333 3 0.7 14.09 61 8.1 0.8 0.1 6.83 0.2 3.4 1.7 7.7 1.1 7.9 0-30 
1 0.03 13.333 6 0.4 20.793 66 14.5 1.1 0.1 8.49 0.8 6.6 3.3 13.4 2.5 7.9 30-60 
1 0.1 10 6 0.1 14.943 63 47.8 3.4 0.4 12.19 0.9 18.5 9.4 32.3 6.3 8.2 60-90 
3 0.04 15 4 0.6 15 64 17.0 1.8 0.2 7.38 0.2 16.8 8.4 11.5 2.2 7.8 0-30 
0.7 0.1 10 8 0.1 21.343 68 45.1 5.5 0.5 13.85 1.1 21.4 10.9 34.9 6.1 8.1 30-60 
4 0.03 2.66 8 0.08 16.811 67 53.9 6.7 0.6 16.35 1.4 5.274 3.27 46.1 7.5 8.3 60-90 
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Appendix (4) table (4) soil chemical properties for area vegetated wheat site: 
 
P N C:N Caco3 O.C ESP CEC CL- HCo3 Co3 SAR K Ca+2 Mg+2 Na+ ECe PH Depth 
cm 
3 0.04 22.5 4 0.90 0.923 65 19.4 1.1 0.1 8.17 0.2 8 4.1 14.3 2.9 7.6 0-30 
2 0.02 3 6 0.06 28.529 68 2.3 2.3 0.4 9.75 0.6 15.1 7.57 23.2 4.9 7.9 30-60 
1 0.01 4 7 0.04 10.724 69 43.9 6.1 0.4 16.44 1.9 18.133 9.066 42.9 6.9 8.1 60-90 
0.6 0.01 10 5 0.1 19.253 67 31.7 2.1 0.3 11.44 0.8 8.7 7.36 20.7 4.4 7.8 0-30 
0.4 0.01 7 9 0.07 17.575 66 26.6 5.2 0.4 10.27 2.1 13.67 6.81 23.2 7.1 8.2 30-60 
0.4 0.01 4 9 0.04 9.523 66 52.5 5.9 0.5 22.25 2 16.5 8.267 55.4 7.8 8.2 60-90 
1 0.03 20 3 0.60 15 63 7.4 0.9 0.1 6.64 0.4 4.4 2 8.5 1.2 7.7 0-30 
0.9 0.02 10 6 0.2 2.461 68 44.1 3.9 0.3 13.04 0.9 12.93 6.467 28.7 5.8 8 30-60 
0.8 0.02 3 11 0.06 5.833 65 59.8 7.7 0.9 20.41 1.3 16.6 13.3 64.5 9.4 8.4 60-90 
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Appendix (5) table (5) soil chemical properties for non vegetated area (bare land) site: 
 
 
P N C/N Caco3 O.C ESP CEC CL- HCo3 Co3 SAR K Ca+2 Mg+2 Na+ ECe PH Depth 
cm 
3 0.02 10 5 0.2 14.354 69 24.2 1.7 0.3 10.015 0.3 9.6 4.8 19 3.7 7.7 0-30 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 30-60 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 60-90 
1 0.2 0.5 2 0.1 18.955 62 5.5 0.7 0.1 5 0.1 2.07 1.03 4.4 0.8 7.6 0-30 
2 0.03 3.333 9 0.1 17.121 67 58.1 7.8 0.7 16.703 1.6 19.8 9.9 45.5 7.7 8.4 30-60 
6 0.05 4 9 0.2 15.671 66 51 8.1 0.8 14.701 1.6 21.17 10.83 41.9 7.3 8.5 60-90 
1 0.04 20 1 0.8 14.920 67 2.8 0.6 0.1 0.628 0.2 14.8 7.4 3.1 0.4 7.6 0-30 
1 0.04 15 2 0.6 20.322 63 5.7 0.2 0.1 4.641 0.1 2 1.2 4.4 0.8 7.9 30-60 
0.7 0.01 10 4 0.1 20.322 62 33.4 3.4 0.5 36.675 1.1 13.5 6.77 27.8 4.2 8.3 60-90 
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Appendix (6) table (6) soil physical properties for shelterbelt-1 site: 
 
Clay% Silt% Sand% Depth 
Cm 
47.1 18.8 34.1 0-30 
50.6 17.4 32 30-60 
51.1 19.3 29.6 60-90 
48 20.2 31.8 0-30 
52.8 18.5 28.7 30-60 
54.9 16.9 28.2 60-90 
45.5 19.2 35.3 0-30 
50.4 14.9 34.7 30-60 
53.1 16.7 30.2 60-90 
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Appendix (7) table (7) soil physical properties for shelterbelt-2 site: 
Clay% Silt% Sand% Depth 
Cm 
49.3 21.3 29.4 0-30 
51.7 20.1 28.2 30-60 
54.2 18.5 27.3 60-90 
51 18.6 30.4 0-30 
53.5 17.9 28.6 30-60 
56.4 15.3 28.3 60-90 
46.3 20.9 32.8 0-30 
48.2 20.3 31.5 30-60 
50.8 19.8 29.4 60-90 
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Appendix (8) table (8) soil physical properties for area vegetated 
vegetable site: 
 
Clay% Silt% Sand% Depth 
Cm 
40.5 22.7 30.2 0-30 
41.8 23.8 36.8 30-60 
43.1 23.9 34.4 60-90 
38.1 22.5 33 0-30 
39.4 27.6 36.4 30-60 
42.3 22.7 33 60-90 
36.6 28.1 35 0-30 
40 24.2 35.3 30-60 
41.3 23.8 35.8 60-90 
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Appendix (9) table (9) soil physical properties for area vegetated 
wheat site: 
 
Clay% Silt% Sand% Depth 
Cm 
41.2 18.4 40.4 0-30 
43.6 19.3 37.1 30-60 
42.4 18.6 39 60-90 
39.8 22.1 38.1 0-30 
44.1 25.8 30.1 30-60 
45.9 24.3 39.8 60-90 
43.2 26.4 30.4 0-30 
44.3 24.5 31.2 30-60 
44.2 25.6 30.2 60-90 
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Appendix (10) table (10) soil physical properties for non vegetated 
area (bare land) site: 
Clay% Silt% Sand% Depth 
Cm 
41.4 22.8 35.8 0-30 
0 0 0 30-60 
0 0 0 60-90 
43.7 24.3 32 0-30 
46.5 21.6 31.9 30-60 
47.6 23.1 29.3 60-90 
37.9 27.6 34.5 0-30 
39.8 28.7 31.5 30-60 
40.1 28.3 31.6 60-90 
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Appendix (11) table (11) water analysis from White Nile and well of 
the study area: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Water 
type  
pH ECe Ca Mg Na K Hco3 CL RSC 
White 
Nile 
7.4 0.18 0.8 0.3 0.9 0.01 0.03 1.9 1.9 
7.4 0.16 0.17 0.6 1 0.031 1.47 1.45 1.70 
7 0.18 0.485 0.4 0.95 0.0305 0.75 1.01 1.8 
weal 7.7 0.87 5.1 1.6 4.2 0.02 2.6 7.7 2.5 
6.49 0.525 5.9 1.75 3.88 0.04 2.01 7.5 3.0 
7.09 0.348 5.05 1.09 4.04 0.21 2.5 7.6 2.17 
